I. INTRODUCTION
Spectroheliograms showing the variation in intensity between quiet and active regions in two of the neutral helium resonance lines were obtained by the Harvard ultraviolet spectroheliometer launched in the OSO-IV satellite. The spectroheliometer and some of the results obtained have been described by Goldberg et al. (1968) . These variations have been interpreted using calculations of the neutral helium line intensities (Hearn 1969) . The increased intensities in the active regions are consistent with an increase in the electron density alone. In addition these variations show that the electron density of the layers emitting the neutral helium lines in the quiet regions is 4*5 x 10 10 cm -3 within a factor of 3 accuracy.
THE OBSERVATIONS
Spectroheliograms in the line at 584 Â and in the 3 1 P->I 1 *S , line at 537 Â were obtained on successive orbits on both 1967 November 3 and 1967 November 12. They were obtained by scanning an area 36 arc minutes square with a spatial resolution of 1 arc minute square. The spectral resolution was i • 8 Â. One complete spectroheliogram required five min and usually eight to ten were obtained on each 90-min orbit, after which a new wave-length could be selected.
The ratio of counts in the 537 Â line to counts in the 584 Â line at corresponding points on the Sun is plotted in Fig. 1 against the counts in the 584 Â line for the two days. For each day, the six to eight spectroheliograms taken at each wavelength were averaged before the point-by-point ratio was calculated. Points farther than 11 arc minutes from the centre of the disc were not included to avoid 352 A. G. Hearn, R. W. Noyes and G. L. Withbroe Vol. 144 limb effects and points from extensive quiet regions were not included. The active regions are brighter in the 584 Â line, and Fig. 1 shows that the Sun was more active on 1967 November 3. The quiet regions lie in the range of 400 to 800 counts in the 584 Â line. The observations show that there is no sudden transition from quiet to active regions. The instrument was calibrated absolutely before flight, but measurements of line intensities during the five weeks of the observations show that the calibration changed substantially and continuously. The spectroheliograms have, therefore, been calibrated by setting the mean intensities of the two lines from the quiet regions equal to the intensities from the whole disc obtained by Hinteregger and Fig. i . The ratio of the counts obtained in the 537 A line to the 584 Â line is plotted against the count in the 584 A line for selected regions of the spectroheliograms obtained on 1967 November 3 and 12. Points farther than 11 arc minutes from the centre are not included to avoid limb effects. No. 3, 1969 The differences between quiet and active regions his colleagues on 1966 March 30 (Higgins 1968) . On that day the Sun was quiet and the active regions contributed little to the total intensity. If the total intensity of the 584 Â line measured by OSO-IV is set equal to the Hinteregger measurement, instead of the average intensity of the quiet regions, the calibration would be changed by no more than 15 per cent. This method of calibration implies that the relative sensitivity of the spectroheliometer at 584 Â and 537 Â changed by 30 per cent in the 9 days between the two sets of observations. It is not clear at present whether all this variation is in the calibration or whether some part of it might be a real variation of the quiet Sun. The main source of the scatter of the ratio of the two counts is the photon noise from the measurement at 537 Â, where the average count from the quiet regions was only 26. Additional scatter results from the residual pointing error of the spectroheliometer. This causes the greatest errors in regions of large intensity gradient, that is in the active regions. Finally, some of the scatter is due to changes in the Sun during the total observing time of three hours.
A mean curve for the ratio of the intensity of the 537 Â line to the 584 Â line against the intensity of the 584 Â line was obtained for each of the days by averaging all the points lying between selected values of the abscissa, normalizing the mean intensity of the 584 Â line from the quiet regions to an intensity of 4*22 x 10 2 erg cm -2 s' 1 sterad -1 , and normalizing the ratio of the intensities of the 537 Â line to the 584 Â line to 0*128, these being the values derived from Hinteregger's measurements of 1966 March 30. These averaged points are included in the figures showing the theoretical results.
THE CALCULATIONS
In an earlier paper (Hearn 1969) the measurements of the intensities from the whole disc of the 584 Â and 537 Â lines made by Hinteregger on 1966 March 30 have been used for an interpretation of the quiet regions in terms of the equivalent finite uniform layer emitting the observed intensities of the two lines. The calculations use a model atom of 41 bound levels and a continuum and they include a number of recently calculated cross sections for collisional excitation between triplet and singlet levels.
Since a uniform layer requires three parameters to specify it completely-the electron temperature, the electron density and the optical thickness at the centre of the 584 Â line-and there are only two measured intensities, the interpretation of the quiet regions can only give two of the parameters for any assumed value of the third. The electron temperature and the optical thickness at the centre of the 584 Â line derived from the interpretation are given for various electron densities in Table I . The geometrical size of the layer is calculated from the optical thickness assuming a helium abundance of o • 1 times the electron density.
One of the results of these calculations which is pertinent to the interpretation of the spectroheliograms is that the intensity of the 584 Â line is almost independent of the electron temperature. Consequently the tenfold increase in the intensity of the 584 Â line observed in the active regions in the spectroheliograms cannot be explained by an increase in the electron temperature alone. This lack of temperature dependence makes the neutral helium lines particularly suitable for studying differences in density or in geometrical size of those layers of quiet and active regions which emit the helium lines. A, G. Hearn, R. W. Noyes and G. L. Withbroe
Vol. 144 The intensity of the 584 Â line may be increased by increasing either the electron density or the geometrical size of the emitting layer. In either case, the optical thickness in the resonance lines is increased, and this attenuates the intensity of the 537 Â line relative to the 584 Â line. Table I shows that if the electron density of the quiet regions is high, the optical thickness of the lines is small and so an increase in the optical thickness will have little effect on the line ratio. The lower the electron density, the greater is the effect of the change in the optical thickness on the line ratio. Fig. 2 shows the calculated ratio of the intensity of the 537 Â line to the 584 Â line plotted for various initial quiet region electron densities against the intensity of the 584 Â line obtained by increasing the electron density and maintaining the Fig. 2 . The calculated ratio of the intensity of the 537 Ä line to the 584 Â line is plotted for various initial quiet region electron densities against the intensity of the 584 Â line obtained by increasing the electron density of the quiet region interpretation and maintaining constant the electron temperature, geometrical size and helium abundance. The points are the mean normalized observations obtained from the two sets of spectroheliograms. The error bars represent the root mean square deviation of the mean values. No. 3, 1969 The differences between quiet and active regions electron temperature and geometrical size constant. All the curves have an intensity ratio of 0*128 at a 584 Â line intensity of 4*22 x 10 2 erg cm -2 s -1 sterad -1 . The mean points with their root mean square deviations obtained from the two sets of spectroheliograms by the method described in Section 2 are included for comparison. (The point without error bars represents the only point in that range in the observations.) The observational data and the calculations agree very well for a quiet sun electron density of about 4*5 x 10 10 cm -3 , and moderately well for an electron density anywhere between 3 and 6 x 10 10 cm -3 . Since both the line intensities depend on the optical thickness, these curves are independent of the helium abundance that is assumed. The helium abundance affects only the geometrical size of the layer emitting the lines. Fig. 3 shows the ratio of the intensity of the 537 Â line to the 584 Â line plotted for various electron densities against the intensity of the 584 Â line obtained by increasing the geometrical size of the layer, while maintaining the electron temperature and density constant. The same observational points are included.
The fit between the observational data and the individual curves is not as good as in Fig. 2 ; no curve fits the data well at both high and low 584 Â intensities. This suggests that an increase in electron density rather than an increase in geometrical thickness is responsible for the enhanced emission from active regions.
The difference between the shapes of the curves in figures 2 and 3 results from the different relationship between the optical thickness of the lines and the intensity of the 584 Â line. Increasing the electron density (and with it the density of helium atoms) increases the population density of the 2 1 P level and hence the intensity of the 584 Â line by the square of the electron density; the population Fig. 3 . The calculated ratio of the intensity of the 537 Â line to the 584 À line is plotted for various electron densities against the intensity of the 584 Â line obtained by increasing the geometrical size of the layer, maintaining constant the electron density, the electron temperature, and the helium abundance. The points are the mean normalized observations obtained from the two sets of spectroheliograms. The error bars represent the root mean square deviation of the mean values. A. G. Hearn, R. W. Noyes and G, L. Withbroe Vol. 144 density of the ground level and hence the optical thickness of the lines increases only linearly with the electron density. Consequently the optical thickness in the lines increases as the square root of the intensity of the 584 Â line. On the other hand, when the geometrical size is increased, the optical thickness in the lines increases linearly with the intensity. As a result the ratio of the intensity of the two lines varies more sharply with the intensity of the 584 Â line when the geometrical size is increased than when the electron density is increased.
4. DISCUSSION These calculations show that the observed intensities of the 537 Â and 584 Â resonance lines of neutral helium in quiet and active regions are consistent with the layers emitting these lines in the active regions differing from the quiet regions mainly by having an increased electron density. The calculations require the electron temperature of the layer to be about 32 000 °K and the electron density of the average quiet region to be between 3 and 6x 10 10 cm -3 .
A mean density of 4*5 x 10 10 cm -3 gives a product of the electron temperature and density of 1 *4 x 10 15 °K cm -3 . This value may be compared with the product of 6-ox 10 14 °K cm -3 deduced from lines in the chromosphere-corona transition zone (Athay 1966) . When the possible errors in the cross sections and in the absolute intensity measurements are included, the error in the electron density could be as much as a factor of 3. For this electron density the results in Table I show that for the layers emitting the neutral helium lines in a quiet region the optical thickness at the centre of the 584 Â line is the order of 20 and the geometrical size at the centre of the 584 Â line is the order of 70 km. A decrease in the electron density by a factor of 3 will increase the geometrical size by a factor of 9 and the optical thickness by a factor of 3. If the z 1 ? level were populated only by processes like collisional excitation from the ground level the intensity of the 584 Â line would increase as the square of the electron density. In the range of electron densities involved collisional excitation from the 2 3 5 metastable level is an important process populating the 2*? level and the intensity of the 584 Â line actually increases as the electron density to the power of 2-46. This means that the tenfold increase in the observed 584 Â line intensity in the most active regions corresponds to an increase in the electron density of 2 • 5 times. The interpretation of the increased intensities of the neutral helium lines in the active regions solely by an increase in the density with the temperature structure unaltered gives a very simple explanation of the difference between active and quiet regions in the chromosphere. In an active region the energy dissipated in the chromosphere is increased and at any given point the temperature rises. The temperature gradient is not significantly altered. When a steady state is established again, a given line is emitted by a layer whose electron temperature is unchanged, but this layer is now at a lower level and has a higher density. Because the temperature gradient is unchanged, the geometrical size of the emitting layer is also unchanged. The resulting increase in the line emission once again balances the energy dissipated in the layers. This change between a quiet and an active region in the chromosphere is quite different from the change in the corona where the large increases in the line intensities appear to require an increase in the electron temperature in the layer emitting a given line.
It must be emphasized that while the explanation of the increase of the neutral No. 3, 1969 The differences between quiet and active regions helium line intensities in active regions by an increase in the electron density only is quite consistent with the observations, it is not the only possible explanation. The ratio of the 537 Â line to the 584 Â line is sensitive to the electron temperature, not because of a change in the rates of the processes populating the two upper levels, but because of the change in the optical thickness of the lines. The observed variation of the ratio of the intensity of the 537 Â line to the 584 Â line could be obtained by increasing the geometrical size at a constant electron density to increase the intensity of the 584 Â line and then adjusting the electron temperature of the layer to obtain the required line intensity ratio. There are a variety of ways in which all three parameters, the electron temperature, electron density, and geometrical size can be varied to reproduce the observed variation in the intensities of the two lines. The advantage of varying only the electron density is that it provides the simplest explanation of the observations.
